Abstract
Background
There has been a considerable increase in the prevalence of obesity in the last decades. Almost a third of the adult population in the world are obese (607 million) [1] . As a result, the worldwide burden of cardiovascular and metabolic diseases has increased [1] . In addition, increased time spent inactive may augment the risk of developing both cardiovascular and metabolic diseases. It is important to investigate risk factors for these diseases among children, given evidence that they likely persist into adulthood [2] [3] [4] .
Tracking risk factors from childhood to adolescence, and later to late adulthood, is challenging. However, being overweight or obese during early childhood has been shown to increase the risk of being at an unhealthy weight in adulthood, as well as lifestyle diseases [2, 3, 5] . There are strong indications that children who show signs of cardiometabolic risk factors may develop diabetes in adolescence and adulthood [3] . Despite tendencies towards a levelling-off with regard to weight gain in children in some countries [6, 7] , the trend of increased obesity and inactivity among children worldwide is still a major public-health concern. Norway is one of the few countries where the number of overweight children has decreased [8] . However, about 16% of Norwegian children are currently overweight or obese [7] . Measurements of third grade pupils revealed that 14% had experienced unhealthy weight gain [9] . Given these figures, it is of great importance to map cardiometabolic risk factors in early childhood in order to follow any development in a child population.
While individual risk factors may indicate current health status, the cumulative effect of multiple factors leads to lifestyle diseases. early identification and intervention for children at risk of developing cardiometabolic diseases (CMD) could minimise the tracking of risk factors into adulthood [10, 11] . bailey et al. report that good cardiorespiratory fitness during youth is related to lower CMD risk in adulthood [11] , where significant clustering of CMD risk factors occurs in e.g. obese children [12] . While definitions of metabolic syndrome are useful for diagnostic purposes, they only provide a dichotomised result. Tracking quantitative risk scores provides population-level assessments of soft end points among child populations while measuring degree of clustering. Steene-johannessen et al. found clustering of cardiovascular disease risk factors in 11.4% of a representative Norwegian child population [13] . More nationally representative studies covering multiple geographical areas are necessary both to monitor development and to assess CMD risk status among Norwegian children accurately.
Several risk factors have been used in different papers to estimate the overall burden of future CMD [13] . Anthropometric variables such as weight, body mass index (bMI), waist circumference (WC) and body fat have previously been used [13, 14] . In addition, serum cholesterol, high-density lipoprotein (HDL), triglycerides and micro C-reactive protein (mCRP) have been used to estimate clustering of CMD risk factors [13, 15, 16] . blood pressure (bP), endurance tests and physical activity level have also been considered clinically relevant factors [17] .
The main aim of the present study was to investigate the clustering of risk factors for cardiovascular diseases and metabolic syndrome in a large, healthy representative Norwegian child population. In addition to the conventional dimensions of anthropometric measurements, biomarkers in blood samples, and bP, the study also included an aerobic performance test and body composition variables.
Method

Sample
This study employed a cross-sectional design. The cardiometabolic risk factors presented in this paper are baseline findings (january-june 2015) from the larger prospective Health Oriented Pedagogical Project (HOPP) cohort study. Primary-school children (n=2817) aged 6-12 years from Norway were invited to participate, and written informed consent was obtained from 82% (n=2297 ; Table I ). HOPP's full study design has been published by Fredriksen et al. and is therefore not detailed in this paper [18] . Relevant details are presented below.
Anthropometry and body composition
Weight and body composition (muscle mass, body fat, bone mass and protein mass) were measured with a Tanita MC-980MA (Tokyo, japan) bioimpedance body composition analyser. Children were measured barefoot, in light clothing, with 0.4 kg subtracted from the measured weight to compensate for weight of the clothes [19] . A SeCA 213 stadiometer (SeCA GmbH, Hamburg, Germany) measured body height without shoes to the nearest 0.5 cm [20] . WC was measured with a tape measure to the nearest 0.5 cm at full expiration at the level of the umbilicus. bMI was calculated as weight divided by height squared, and waist-to-height ratio (WHtR) as WC divided by height.
An automatic bP monitor (Model M6 Comfort IT, Intellisense HeM-7322U-e; Omron Healthcare Co. Ltd., kyoto, japan) with a cuff (Intelli Wrap Cuff, HeM-FL31, Omron Healthcare Co. Ltd.) attached to the left upper arm measured bP up to three times depending on failure to detect pressure or if results were outside normal age-adjusted ranges. In the case of three unsuccessful attempts, bP was measured on the right arm until a successful test was confirmed. A retest was performed at a later occasion if results were still outside normal ranges.
Andersen intermittent running test
Aerobic fitness was measured for all students using the Andersen intermittent running test [21] . Tests were administered in school gymnasiums to groups of 10-20 children, depending on number of supervisors present. The children ran back and forth to touch the walls/lines at intervals of 15 seconds of running and 15 seconds of rest, for a total of 10 minutes. Total distance was recorded as number of laps completed plus distance covered during the last lap. The children were told to run as fast as they could in order to cover the longest distance possible.
Blood samples
blood samples were collected for 1356 (59%) children in a non-fasting state between 8:00 a.m. and 1:30 p.m. The children were called from their classrooms in groups of four, making sure they had not performed strenuous exercise prior to sample collection. blood samples were collected by a phlebotomist in 4 mL tubes (Vacuette Z Serum Sep Clot Activator and k 2 eDTA; Greiner bio-One International, kremsmünster, Austria) from the antecubital vein. The gel tubes were then set to coagulate for 30 minutes before being centrifuged at 2000 g for 10 minutes. At the end of each day, samples were transported to Vestfold Hospital Trust (cert. NS-eN ISO 15189) for analysis according to standard laboratory procedures. Serum total cholesterol (TC) and HDL cholesterol were measured in Vitros 5600 or Vitros 5.1 (Ortho-Clinical Diagnostics, Raritan, Nj), and haemoglobin-A1c (HbA1c) in Tosoh G8 (Tosoh, Tokyo, japan) with reagents from the supplier. Non-HDL cholesterol was calculated as HDL subtracted from TC.
Statistical analyses
All variables were normally distributed; mean values with standard deviation (SD) and 95% confidence intervals (CI) are given for all variables. All analyses were completed using SPSS Statistics for Windows v24 (IbM Corp., Armonk, NY). Differences by age, sex and clustering of risk factors were analysed with parametric t-tests and analyses of variance (ANOVA).
A p-value of ≤.05 was considered to be statistically significant.
The analytical model used in the present study, as described in Fredriksen et al., has been adjusted from 10 to 5 risk factors [18] . Clustering of cardiometabolic risk factors is defined as a ratio >1 to a binomial distribution [22] . As such, additional factors above five resulted in a reduction of detection rate close to 0%, invalidating practical relevance. Additionally, multicollinearity of variables was investigated through Pearson's correlation test. A score >0.7 was considered strongly correlated, whereupon one variable was selected for further analysis. Weight, bMI, muscle mass and percentage of body fat correlated strongly with WC, and non-HDL cholesterol with TC. mCRP was only clinically significant among obese children and therefore irrelevant for the whole sample. Six key components were thus included in assessment of clustering of cardiometabolic risk factors: WC, systolic blood pressure (sysbP), Andersen aerobic fitness test, TC, HDL and HbA1c.
Despite a weak correlation between TC and HDL (r=0.026; p<0.0001), the biological correlation of the two would likely indicate collinearity in subsequent analyses. As HDL is a subcomponent of TC, being high risk for one of these variables indicates a high probability for being so for the other variable as well. A ratio was therefore calculated (TC/HDL) for this study, as both variables are important risk factors for CMDs. This approach has been used in previous studies to represent blood lipid values where measurements of triglycerides are not available [23] [24] [25] .
Defining clustering of CMD risk factors as a ratio to an expected binomial probability distribution is detailed by Andersen et al. [22] . A ratio >1 indicates an occurrence of risk factors that is no longer random, notwithstanding cause. expected distributions of probability from zero to five risk factors are, respectively, 23.7%, 39.6%, 26.4%, 8.8%, 1.5% and 0.1%. All variables were checked for input errors and divided into quartiles by age and sex. A CMD risk score from zero to five for each individual was derived by adding the number of variables in the least desirable quartile (highest for WC, sysbP, TC and HbA1c; lowest for aerobic fitness and HDL).
Cohen's d shows an effect size (eS) between those with and without clustering of risk factors [26] . According to Cohen, an eS of 0.2 is considered a small effect size, 0.5 a moderate effect size and 0.8 a large effect size. The average sum of z-scores in each risk score category is also presented.
Ethical considerations
The HOPP team physician followed up on any anthropometric or blood sample values outside normal ranges. In the case of abnormal values, parents and/or guardians were advised to contact their child's general practitioner for further follow-up. All children were given the option to opt out of any tests and were otherwise excluded if sick or absent from school on the day of testing.
Results
Sample characteristics
Of the HOPP population, 37.5% had completed all tests for the CMD risk factors (Table I ). The main limiting factor for the sample size was the blood tests (n=1344), as there were >2000 participants for the anthropometric and body composition measures. both sex (boys=50.3%) and age were evenly distributed, with the lowest number of participants in the 6-and 12-year-old groups. The average sample age was 9.7 years (SD=1.7 years), with a WC of 63.4 cm (SD=7.7 cm) and no significant sex differences.
Sex differences
boys had a higher average muscle mass (0.9 kg higher, 95% CI 0.2-1.6, p<0.05), fat-free mass (1.1 kg higher, 95% CI 0.4-1.8, p <0.01), bone mass (0.1 kg higher, 95% CI 0.1-0.2, p<0.0001) and HDL (0.12 mmol/L higher, 95% CI 0.07-0.16, p<0.0001) than girls (Table II) . Girls had higher percentage of body fat (3.0% higher, 95% CI 2.5-3.6), fat mass (1.0 kg higher, 95% CI 0.6-1.4) and TC/HDL ratio (0.21 higher, 95% CI 0.1-0.3, p<0.0001). Additionally, boys ran significantly further (974 m, SD=144 m) than girls (939 m, SD=137 m) in the Andersen aerobic fitness test (p<0.0001). There were no significant average sex differences for any of the anthropometric measures.
Sex differences by age
Differences were found when stratifying sex by age (Table III) . The Andersen aerobic fitness test results were different for the highest number of age groups, ranging from 24 m to 52 m further for boys (p<0.05). Only the 7-and 12-year-olds had no significant differences in distance covered. WC was only different for the 10-(2.8 cm, p<0.05) and 12-year-olds (3.2 cm, p<0.001), showing higher circumferences for the boys at both ages. No clinically relevant differences in sysbP nor HbA1c were present in any age group. Girls had a significantly higher TC/HDL ratio in all age groups except among 7-, 10-and 12-year-olds by 0.22 to 0.34 (p<0.05). The highest TC/HDL ratio was among nine-year-old girls at 3.0 (SD=0.7, p<0.001) and is within a preferred range of <3.5 [27, 28] . ANOVA across age groups revealed a significant increase with age (p<0.001) for all anthropometric variables, body composition and cardiopulmonary variables except body fat percentage (p=0.23; Tables  II and III) . Among the blood values, only HbA1c was significantly higher among the older children compared to the younger children (p<0.05).
Clustering of CMD risk factors
Only those with zero risk factors were significantly over a risk ratio of one (relative risk [RR]=1.21, 95% CI 1.05-1.40) when comparing to the expected distribution (Figure 1) . Those with two factors in the least desirable quartile had a lower prevalence in HOPP than the expected binomial probability distribution (RR=0.81, 95% CI 0.70-0.95). Low sample sizes for four (n=24) and five (n=6) risk factors leads to large confidence intervals at these levels. No clustering of CMD risk factors was found among the HOPP sample.
Results have been dichotomised by three and fewer risk factors and four or more risk factors based on findings from both the ASk and eYHS studies for comparison (Table IV) [13, 29] . Children with four or more risk factors had a higher mean age (10.10 years, SD=1.46 years) than those with fewer risk factors (9.66 years, SD=1.74), though the difference was not significant (p=0.11).
Comparing mean values for the risk factors, WC was 22.8% higher, sysbP 8.1% higher, Andersen aerobic fitness test 12.0% lower, TC/HDL ratio 45.6% higher and HbA1c 3.9% higher among children with four or more risk factors than among those with fewer than four risk factors (p<0.0001). There were no large effect sizes for any CMD risk factors, though both WC and TC/HDL ratio showed medium differences; the remaining factors showed small differences. Most of those with four or more risk factors were overweight (median isobMI=25 kg/m 2 ), while most of those with fewer had a normal weight (18.5 kg/m 2 ; p<0.0001) [8, 30] . z-Scores for each risk factor category are presented in Figure 2 .
Discussion
Main findings
The present study found no clustering of CMD risk factors among children aged 6-12 years in Norway. A risk ratio of 5.8 (95% CI 0.7-46.9) was found for five risk factors, though the small sample size rendered results non-significant. An explorative analysis combining children with four and five risk factors does not reveal any significant clustering either. The null results of this observational study do not negate the importance of further research but reflect the complicated nature of tracking soft end points of CMDs, especially among younger children. (Figure 3 ) [13, 29] . This inconsistency with HOPP study results may be difficult to explain. However, age differences between the studies may be a contributing factor. The average age for the HOPP sample is lower than both the eYHS and ASk studies, which included adolescents at 15 years of age. The higher sample mean age for four or more risk factors, despite the difference not being statistically significant (Table IV) , could suggest that the risk of developing CMDs rises with increasing age.
The groups had no large differences, but they did show a small difference for multiple anthropometric, cardiopulmonary and blood values (Table IV) . Most noteworthy, perhaps, is that weight, WC and TC/ HDL ratio all had moderate differences, suggesting a tendency towards clustering for the four or more risk factors group. A paper published by Steinarsson et al. reported WC, sysbP, HbA1c, TC and HDL that were worse for all variables among a Swedish adult population aged 18-44 years of age with social health conditions otherwise comparable to Norway [31, 32] .
The use of quartiles for the cluster analysis has the benefit of identifying those children with an elevated risk for but who have not yet developed disease. Nonrandom clustering of risk factors is likely attributable to extraneous environmental factors. Lack of clustering among the HOPP sample can therefore indicate healthier behavioural patterns among the younger sample in the present study compared to both the eYHS Denmark study and the ASk study [13, 29] . Suglia et al. suggest a conceptual model for cardiometabolic health in which childhood adversities (discrimination, bullying, economic hardships, etc.) are the foundation of developing unwanted health behaviours, poor mental health and less efficient physiological mechanisms (e.g. heightened cortisol production) [4] . All of these factors could systematically change in the child's environment with increasing age.
Another cause may be different cardiometabolic markers across various stages of life. Ali et al. report, for example, that while waist adiposity alone remained a significant predictor of cardiometabolic health among children, visceral and subcutaneous fat along with WHtR remained significant among adults [33] . The varying influence of risk factors at different ages could stress the need for adapted risk factor profiles, depending on the age group studied.
While the method is the same as Steenejohannessen et al.'s study, the risk factor variables in the present study were regrettably not identical [13] . The variables are, however, recognised to have an equal impact on CMDs [14, 34, 35] . Regional variability may also be a likely cause. Van Vliet et al. report that Norway is among the countries with the most favourable CMD risk factors worldwide [36] . That is, finding clustering of risk factors may only be true for certain subgroups of the population, such as those with low socioeconomic status. bugge et al. report that those with higher socio-economic status had lower bMI z-scores and WC and higher VO 2max [10] .
A major strength of the study is the large sample size and subsequently the age-and sex-specific quartile divisions. The goal of the study was to identify those in the 'worst quartile' for selected variables and thus with an increased risk of disease development in the future. CMDs are long-term lifestyle diseases with potential tracking into adolescence and adulthood [10, 37] . The reporting of z-scores for clustering of risk factors reduces the specificity of having to use each risk factor included in this study, also theoretically allowing easier cross-population comparisons. Due to a low number of participants with four or more risk factors when split by age (n=2-7), the reporting of age-specific z-scores would prove little purpose. Their aggregated z-score is instead reported for one to three (-0.12, Se=0.07) versus four or more (3.81, Se=0.36) risk factors for the sake of future comparisons (Table IV) .
The clinical relevance of these findings lies in their potential diagnostic value. based on cumulative z-score for four or more risk factors in a representative population, researchers and health practitioners may assess increased risk in developing cardiovascular and metabolic diseases among children. In theory, any strongly correlated variables excluded from the clustering score can substitute for each other. WC, WHtR and TC/ HDL ratio had the highest effect sizes, meaning public health intervention strategies could focus on abdominal fat coupled with a poor serum cholesterol profile, as these had the largest between-group differences.
A limitation of reporting risk-and z-scores based on quartiles is its sample specificity. Results are mostly representative of the sample on which they were based. Adjustments for socio-economic status, sex and age distribution based on Norway's national population could increase representability. Analyses would unfortunately still be limited without adjusting for the prevalence of disease in the population. The nearest available statistic for a hard end point would be the IDF definition for metabolic syndrome, for which there are national and global statistics [38] . Follow-up studies should crosscheck CMD risk scores with national metabolic syndrome prevalence and compare the degree to which these risk assessments overlap.
Conclusions
No clustering of cardiometabolic risk factors was found among 6-12-year-old Norwegian children. boys, however, had a slightly more favourable TC/ HDL ratio than girls and had better aerobic fitness. 
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